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Abstract
Poor resolution for the identification of endopeptidase (EP) activity in activity gel assays is a critical issue in the analysis of the postharvest
physiology of rose petals. In this paper, major factors influencing EP activity gel assays were evaluated. The results showed that a phosphate (NaH2PO4/
Na2HPO4) buffer favors the detection of clear EP bands, as compared to Tris–HCl buffer. Removal of salts and pigments with Sephadex G-25
columns was vital to the measurement of EP activity in rose petal extracts. For optimal resolution of bands, we show that before electrophoresis,
samples should be treated for 10 min at 40 °C. Additionally, electrophoresis should be done in 12% SDS–PAGE co-polymerized with 0.15% (w/
v) gelatin. After electrophoresis, the optimal incubation temperature and pH are 42 °C and 7.0, respectively. Using our optimized assay, Rh-EP1,
Rh-EP2, Rh-EP3, three proteases with molecular masses of 200, 123.5, and 97.4 kD, respectively, were detected in rose petals. Experiments using
EP class-specific inhibitors revealed that Rh-EP2 and Rh-EP3 were both serine proteases, while Rh-EP1 was a metalloprotease. In this study, we
also measured changes in EP activity during flower opening, senescence, and water deficit stress (WDS) using our optimized activity gel assay,
and found that Rh-EP3 may be more relevant to senescence in roses compared with Rh-EP1 or Rh-EP2. Changes occurring to EPs after WDS
were similar to those during the period from flower opening to senescence, and Rh-EP3 activities were greatly increased by WDS treatment. Col-
lectively, our results suggest that significant increases in Rh-EPs activities, especially increases in Rh-EP3 activity, may contribute to the flower
senescence induced under WDS treatment.
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1. Introduction
Endopeptidases (EPs) are proteases that degrade proteins by
hydrolyzing internal peptide bonds. EPs are one of the best-
characterized classes of cell death–related proteins in plants. These
enzymes play important roles in organ senescence and pro-
grammed cell death (Schaller, 2004). EPs are classified based
on the amino acid residues or metals required for their respec-
tive cleavage reactions, and include cysteine, serine, aspartic acid,
and metalloproteases. An activity gel assay is defined as an elec-
trophoresis technique that identifies the proteolytic activity of
proteins under non-denaturing conditions. These assays allow for
the identification of an enzyme of interest in a complex mixture
of proteases, and an estimation of its molecular weight. This
method was originally applied to detect urokinase activity using
a gelatin substrate slab gel (Heussen and Dowdle, 1980). Since
then, activity gel assays with gelatin have been applied to detect
other plant EPs (Stephenson and Rubinstein, 1998; Jiang et al.,
1999). The advantage of using activity gel assays is the supe-
rior detection limit over other methods such as enzyme-linked
immunosorbent assays and Western blots (Kleiner and
Stetlerstevenson, 1994). Some major factors known to affect EP
activity gel assays include sample extraction methods and heat
treatments prior to electrophoresis, SDS–polyacrylamide gel con-
centration, co-polymerized gelatin concentration in the gel,
incubation temperature, and pH after electrophoresis.
Roses are highly economic important; they are within the top
five ornamental plants worldwide in terms of economic impact.
Rose has been established as the model plant for studies on the
morphological development and physiological metabolism of
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petals (Debener and Linde, 2009). Several studies showed that
senescence of roses was closely related with EP activity, which
rises quickly in petals in conjunction with a drop in protein content
(Liu et al., 2005; Zhao et al., 2005). Tripathi et al. (2009) also
found that RbCP1, a cysteine protease, controls protein degra-
dation during petal abscission in rose (Rosa bourboniana). It is
difficult to determine EP activity by an activity gel assay because
of interfering factors in rose petals such as salts and pigments.
In order to understand the role of EPs in rose abscission and se-
nescence, it will be important to optimize activity assays for these
enzymes.
Our study aimed to optimize an activity gel assay for EP ac-
tivity in rose petals. We then used the optimized assay to
investigate the role of EP in accelerating rose flower senes-
cence induced under WDS. Our intention here was to establish
an optimum approach for the investigation of EP characteris-
tics of rose petals and thereby deepen the understanding of the
role of EPs in flower opening and senescence. Further, this study
provides an empirical basis for additional research efforts aiming
to understand how alteration of EPs may be able to prevent se-
nescence of petals in vase life, such as by enabling the
identification of inhibitors specific for EPs that may prolong the
vase life of cut rose flowers.
2. Materials and methods
2.1. Plant material and treatments
Cut roses were harvested at stage 2 of flower opening from
a local commercial grower (Beijing, China) and placed in water
immediately. The schema for classification of the flower-
opening stages was that of Ma et al. (2005): stage 0, unopened
bud; stage 1, partially opened bud; stage 2, completely opened
bud; stage 3, partially opened flower; stage 4, fully opened flower
without anther appearance; stage 5, fully opened flower with anther
appearance (yellow); stage 6, fully opened flower with anther
appearance (black). The flowers were delivered to our labora-
tory within 1 h after harvest. Their stems were then cut to a length
of 30 cm and flowers were then placed in distilled water for further
processing. For the control treatments, flowers were placed in a
vase full of distilled water until senescence (stage 5).
To induce water deficit stress (WDS), flower stems were
exposed to air instead of distilled water. After a WDS treat-
ment of 24 h, the bottom of each stem was re-cut by 1 cm, and
then placed in distilled water to allow for a water recovery (WR)
period. For repeated WDS treatments, flowers were re-exposed
to air following WR. For all treatments, flowers were main-
tained in a climate-controlled room at 20 °C, 40%–60% relative
humidity, and a 12 h/12 h light/dark photoperiod at an illumi-
nation of 140 μmol · m−2 · s−1.
During treatments, the middle ray petals (the fifth to eighth
ray of petals from the outer to the inner layer) were collected,
frozen in liquid nitrogen, and stored at −80 °C for later use.
2.2. Extraction of endopeptidases from rose petals
EP samples were extracted from petals (stage 5) as follows:
three grams of petals were ground into fine powder in a mortar
with liquid nitrogen, and proteins were extracted from the powder
after 30 min of periodic vortexing in 15 mL of pre-cooled
50 mmol · L−1 NaH2PO4/Na2HPO4 (pH 7.0) buffer or
50 mmol · L−1 Tris–HCl (pH 7.0) buffer. Both of the extraction
buffers contained 2 mmol · L−1 ascorbic acid, 1 mmol · L−1
dithiothreitol (Sigma, USA), 2 mmol · L−1 ethylenediamine
tetraacetic acid (EDTA, Sigma, USA), and 1% (w/v) polyvinyl
pyrrolidone. Extracts were centrifuged at 13 981 r · min−1 for
30 min at 4 °C, and the supernatants were either immediately
used for measuring EP activity and activity gel assays or con-
centrated and purified to remove salts and pigments.
2.3. Gel filtration chromatography
To remove salts and pigments, supernatants were concen-
trated into 2 mLwith a freeze-dryer (EZ-DRY, FTS systems, USA)
and were then filtered by gel filtration using Sephadex G-25
medium (Pharmacia, USA). Eighteen fractions (1 mL per frac-
tion) were collected at a flow rate of 1.0 mL · min−1. The soluble
protein content and EP activity of each fraction were measured
according to the method detailed below (Section 2.4). We then
combined fractions that contained the same corresponding peaks
of soluble protein content and EP activity, and re-concentrated
them into 0.2 mL volumes with a freeze-dryer.
2.4. Determination of protein content and EP enzymatic activity
The soluble protein content was measured at 280 nm using
a spectrophotometer (Shimadzu, Japan). Total EP activity was
determined using azo-casein (Sigma, USA) as a substrate ac-
cording to the protocol reported by Carrasco and Carbonell (1990)
with slight modification. The assay mixture contained 0.1 mL
of extract, 0.25 mL of 50 mmol · L−1 Tris–HCl buffer (pH 7.0),
and 0.15 mL of a substrate solution (azo-casein, 10 g · L−1). This
mixture was incubated at 37 °C for 3 h. The reaction was stopped
by adding 1 mL of 10 g · L−1 trichloroacetic acid. After stand-
ing for 30 min at 4 °C, samples were centrifuged at 3 342 r · min−1
for 10 min, and the absorbance of the supernatants at 340 nm
was measured. One unit of EP activity was defined as the quan-
tity of enzyme that causes an increase of 0.1 in absorbance at
340 nm per hour. The EP activity gel assay was based on the
protocol reported by Jiang et al. (1999), with some optimiza-
tion of electrophoretic detection and incubation conditions. Protein
(20 μg) of crude extracts or filtered and concentrated extracts
from stage 5 petals were loaded, gels were washed with 2.5%
Triton X-100 in 50 mmol · L−1 Tris–HCl buffer (pH 7.5) for
75 min to remove SDS after electrophoresis, then incubated in
a Petri dish (containing activation buffer) for 16 h at 37 °C.
2.5. Electrophoresis conditions for optimizing the EP activity
gel assay
Electrophoresis was performed in a mini-PROTEAN appa-
ratus (DYCZ-24DN, Liuyi, China). The gel thickness was 1.0 mm.
EP samples from stage 5 petals were used in the following tests.
Three key factors were tested: sample treatment tempera-
ture, separating gel concentration, and co-polymerized gelatin
concentration in the gel. The sample treatment temperatures tested
were 20, 30, 35, 40, 45, 50, 60, and 70 °C on 10% separating
gels with 0.1% gelatin. The separating gel concentrations tested
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were 8%, 9%, 10%, 12%, and 14%, in which the co-polymerized
gelatin concentration was 0.1%. The co-polymerized gelatin con-
centrations were set for 0.05%, 0.10%, 0.15%, 0.20%, and 0.25%
in 12% separating gels. Stacking gels were all 4% in the above
experiments.
2.6. Incubation conditions for the EP activity gel
Following electrophoresis, the incubation conditions for EP
activity assays, including temperature and pH, were optimized.
For determination of the optimal incubation temperature, mul-
tiple protein samples were fractionated on gelatin-gels, as
described above. Following electrophoresis, the gels were pre-
immersed in a renaturing buffer containing 2.5% Triton X-100,
50 mmol · L−1 Tris–HCl (pH 7.5) for 75 min at room tempera-
ture for SDS removal and EP renaturation. Then, single-lane gel
slices were incubated for 16 h in 50 mmol · L−1 NaH2PO4/
Na2HPO4 (pH 7.0) buffers at different temperatures of 10, 20,
30, 37, 42, 45, 50, 60, and 70 °C respectively. The effect of buffer
pH on EP activity at the constant temperature (42 °C) was ex-
amined similarly by incubation of the gel slices in different pH
buffers (pH 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) for 16 h.
2.7. Inhibitor treatments for EP in rose petals
Different EP class-specific inhibitors were selected in order
to determine the mechanistic class of the EPs in protein ex-
tracts in this experiment. All inhibitors used were from Sigma.
The inhibitors were added to protein samples prior to electro-
phoresis. Following renaturation, gel slices were incubated with
the appropriate inhibitor at 42 °C for 16 h in 50 mmol · L−1
NaH2PO4/Na2HPO4 (pH 7.0) buffer. Inhibitors included EDTA,
a metalloprotease inhibitor at 4 mmol · L−1; phenylmethanesulfonyl
fluoride (PMSF), a serine protease inhibitor at 5 mmol · L−1, and
iodoacetic acid (IOAc) and a cysteine protease inhibitor at
5 mmol · L−1. EDTA was dissolved in 0.33 mol · L−1 KOH; PMSF
was dissolved in ethanol; IOAc was dissolved in 50 mmol · L−1
NaH2PO4/Na2HPO4 buffer (pH 7.0).
2.8. EP activity gel assay in WDS-treated rose flowers
The middle ray petals were collected from flowers treated with
WDS for 6, 12, 18, and 24 h, treated with WR for 6 and 12 h,
and re-treated with WDS for 6, 12, 18, and 24 h. The middle
ray petals from flowers placed in distilled water for 0, 1, 3, 5,
or 6 d were taken as samples from flower opening (from stage
2 to stage 4) to senescence (after stage 4) (Ma et al., 2005). Protein
samples in petals were prepared according to the aforemen-
tioned method (Section 2.2) and analyzed by the optimized activity
gel assay protocol.
2.9. Statistical analysis
Measurements were carried out on ten replicates; one flower
was a replicate. Data are presented as means with standard errors
(S.E.).
3. Results
3.1. Optimization of EP extraction method
We first examined the effects of different EP extraction buffers
and Sephadex G-25 filtration on EP activity of rose (Rosa hybrida
‘Samantha’) petals (stage 5).
The results showed that extraction buffer choice and the removal
of salts and pigments through Sephadex G-25 filtration had im-
portant effects on EP activity gel assays with extracts from rose
petals. As shown in Fig. 1, peaks of protein content and EP ac-
tivity were all observed in elution solution with Sephadex G-25
filtration.After combining themajor peaks (5th–8th for NaH2PO4/
Na2HPO4 extraction buffer, 8th–9th forTris–HCl extraction buffer)
and their neighboring fractions (4th, 9th and 10th for NaH2PO4/
Na2HPO4 extraction buffer, 7th, 10th–13th forTris–HCl extraction
buffer) of protein content and EP activity, and concentrated them,
EP activities were elevated about 10–20 times (Fig. 2). Com-
pared to using Tris–HCl buffer, the use of NaH2PO4/Na2HPO4
extraction buffer and Sephadex G-25 filtration improved the de-
tection of EP activity (using azo-casein as a substrate, Fig. 1 and
Fig. 2) and the detection of zymogram bands (using gelatin as
a substrate, Fig. 3). Compared to the results using 50 mmol · L−1
Tris–HCl, an increased number of bands on the activity gel were
observed when 50 mmol · L−1 NaH2PO4/Na2HPO4 was used as
the extraction buffer (Fig. 3).
3.2. Optimization of electrophoretic conditions
Suitable temperature, degree of depolymerizing protein mol-
ecule, SDS–polyacrylamide gel concentration, and co-polymerized
Fig. 1 Elution profiles of protein content (A280nm) and EP activity (using azo-casein as a substrate) of cut rose petals
with Sephadex G-25 column chromatography
The experiments were repeated three times using independent biological samples.
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gelatin concentration in gels were all found to be vital to re-
solving EPs in the gel. In this part, we investigated the effects
of sample treatment temperature and different concentrations of
SDS–polyacrylamide gel and co-polymerized gelatin on EP ac-
tivity in zymograms.
As shown in Fig. 4, A, EP activity was detected across a wide
range of low temperature levels. The maximal activity was ob-
served at 40 °C, and decreased rapidly with higher temperatures.
No protein bands could be observed when samples were treated
at 70 °C. As shown in Fig. 4, the best separation effect was ob-
served in 12% SDS–polyacrylamide gels and 0.15% co-
polymerized gelatin. In the lower concentration percentage
polyacrylamide gels, the bands were pulled out too long and did
not settle correctly, while in higher concentration percentage poly-
acrylamide gels, the bands were too close together to make the
boundaries between bands obvious. Bright and clear bands were
observed when the co-polymerized gelatin concentration was
0.15% in a 12% SDS–polyacrylamide gel. If the gelatin con-
centration was less than or more than 0.15%, the boundaries
between the bands were not obvious (Fig. 4, C).
3.3. Optimization of incubation conditions
In order to optimize incubation conditions for EPs extracted
from rose petals, the optimum temperature and pH were deter-
mined. Multiple protein samples from stage 5 petals were resolved
on a gelatin-gel. The optimal temperature was found to be 42 °C
(Fig. 5, A), which was used subsequently in all our experi-
ments. The significant decrease of activity observed at
temperatures above 50 °C indicates that EPs are sensitive to high
temperature.
Following electrophoresis and renaturation, single-lane gel
slices were incubated at 42 °C for 16 h in different buffers ranging
in pH from 3 to 12. As shown in Fig. 5, B, 3 EP forms, differ-
ing in molecular weight, were observed. According to the relative
Fig. 2 Effect of extraction buffers and Sephadex G-25 column filtration
on EP activity (using azo-casein as a substrate) of cut rose petals
Filtered and concentrated extracts were 4th–10th fractions for NaH2PO4/
Na2HPO4 extraction buffers, 7th–13th fractions for Tris–HCl extraction
buffers; vertical lines represent S.E. (n = 3); the experiments were
repeated three times using independent biological samples.
Fig. 3 Effects of extraction buffers and Sephadex G-25 filtration on EP
activity gel analysis (using gelatin as a substrate) of cut rose petals
The experiments were repeated three times using independent
biological samples.
Fig. 4 Effects of electrophoretic detection conditions on the activity of EPs extracted from rose petals
Protein samples (20 μg) extracted from stage 5 petals were resolved on gelatin–SDS–PAGE. A: Determination of sample treatment temperature. Ten percent
separating gel with 0.1% gelatin; B: Determination of separating gel concentration; C: Determination of gelatin concentration, 12% separating gel. In panels A,
B, and C, stacking gels were all 4%. In panel B, yellow areas represent one band of EP, orange-colored areas represent the other band of EP, and the remaining
white areas between the yellow and orange represent the third band of EP. The experiments were repeated three times using independent biological samples.
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molecular weight from large to small, the EPs were named Rh-
EP1 (200 kD), Rh-EP2 (123.5 kD), and Rh-EP3 (97.4 kD),
respectively. These maintained activities across a wide range of
pH levels. The pH ranges in which the Rh-EPs maintained ac-
tivity were between pH 4.0 and pH 7.0 (Rh-EP1), between pH
6.0 and pH 9.0 (Rh-EP2), and between pH 6.0 and pH 11.0 (Rh-
EP3). Clear activity bands for all three Rh-EP forms were
observed at pH 7.0, which was designated as the optimum pH
for all three enzymes.
Our experiments indicated that the optimized activity gel assay
for activity of Eps extracted from rose petals was as follows:
50 mmol · L−1 NaH2PO4/Na2HPO4 (pH 7) as the extraction buffers,
filter crude extracts through SephadexG-25 medium, keep protein
samples mixed with loading buffer at 40 °C for 10 min before
separating on a 12% SDS–polyacrylamide gel co-polymerized
with 0.15% (w/v) gelatin. After electrophoresis, gels should be
washed with 2.5%Triton X-100 in 50 mmol · L−1 Tris–HCl buffer
(pH 7.5) for 75 min to remove SDS. At the end, the gel should
be incubated at 42 °C for 16 h in pH 7.0 buffer.
3.4. Mechanistic classes of EPs in rose petals
Protein samples extracted from petals of flower opening stage
5 were analyzed by our optimized gel activity assay in the pres-
ence of each inhibitor. The results showed that Rh-EP2 and Rh-
EP3 are inhibited by PMSF, and are therefore putative serine
proteases. Rh-EP1 could be partially inhibited by EDTA, and
is therefore a putative metalloprotease. IOAc treatment did not
inhibit Rh-EP1, Rh-EP2, or Rh-EP3 (Fig. 6).
3.5. Effect of WDS on EP classes and activities
Our previous work showed that WDS can accelerate senes-
cence and reduce the vase life of roses. The effect of WDS on
the activities and classes of senescence-related Rh-EPs was de-
termined using our optimized activity gel assay. First, zymography
changes of Rh-EPs from flower opening (from stage 2 to stage
4) to senescence (after stage 4) were evaluated. As shown in
Fig. 7, A Rh-EP1, Rh-EP2, and Rh-EP3 were detected in rose
petals during vase. The activities of Rh-EP2 and Rh-EP3 were
detectable after flowers had been in a vase for 1 d (stage 2) and
3 d (stage 4), respectively, and subsequently increased, reach-
ing maximal values after 6 d (stage 6). The activity of Rh-EP1
was detected before flowers were put into a vase and during the
time in the vase. Increased Rh-EP1 activity was detected during
the middle and later stages of vase lifetime. This suggests that,
relative to Rh-EP1, Rh-EP2 and Rh-EP3 may be more relevant
to the senescence of roses.
Next, changes in the activities and classes of Rh-EPs follow-
ing a WDS and a repeated WDS treatment were analyzed. As
shown in Fig. 7, B, Rh-EP1, Rh-EP2, Rh-EP3 were observed
under the 1st and 2nd WDS treatments, and their relative ac-
tivities were similar to those under conditions of senescence. The
activity of each class of enzyme also increased significantly in
Fig. 5 Effects of incubation conditions after electrophoresis on EP activity of rose petals
Protein samples (20 μg) extracted from stage 5 petals were resolved on activity gels. A: Evaluation of the temperature of incubation buffers; B: Evaluation of
the pH of incubation buffers. In panels A and B stacking gels are all 4%; electrophoresis was done using 12% separating gel with 0.15% gelatin after samples
were treated at 40 °C. The experiments were repeated three times using independent biological samples.
Fig. 6 Effects of different protease inhibitors on the activity of EPs
extracted from rose petals
Protein samples were extracted from petals of flower opening stage 5. PMSF.
A serine protease inhibitor; EDTA. A metalloprotease inhibitor; IOAc.
A cysteine protease inhibitor. Results are typical of three experiments.
Fig. 7 Activity gel assay of changes in EP activity during the period from flower opening to senescence of rose petals (A) andWDS (B)
Twenty micrograms of protein was loaded in each lane. Results are typical of three experiments. WDS. Flowers were exposed to air for 24 h at 20 °C,
40%–60% relative humidity, and 80 E · m2 · s−1 light intensity; WR. Water recovery.
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response toWDS. Rh-EP1 activity was present beforeWDS. Rh-
EP2 and Rh-EP3 activities were detected following 6 h WDS
treatment. For Rh-EP1 and Rh-EP2 activities, higher levels were
maintained during the 1st WDS, even if the flowers were re-
watered. Rh-EP3 activity subsequently increased after WDS 6 h,
reaching maximal values after WDS for 24 h. Further, the ex-
pression quantity of Rh-EP2 in the 1st WDS at 6 h and 12 h was
slightly higher than at 18 h and 24 h, but the expression quan-
tity of Rh-EP3 increased gradually with time in the situation of
1st WDS. The second WDS treatment amplified changes in the
activities of all Rh-EP forms; this amplification was especially
obvious with Rh-EP2 and Rh-EP3 (Fig. 7, B). Changes of total
EP activity by spectrophotometer taking azo-casein as a sub-
strate (Fig. 5, C) verified the activity gel assay results. As shown
in Fig. 8, total activity reached levels comparable to stage 6 in
the vase at WDS for 18 h. This activity was maintained even if
the flowers were re-watered. The second WDS enhanced the
changes of the total activities, and the activity (384.5 U · mg−1
protein) atWDS for 24 h was about 3 times of that (128.2 U · mg−1
protein) at the stage 6 of the vase.
Collectively, these results suggest that significant increases
in Rh-EPs activities, especially Rh-EP3, may contribute to flower
senescence as induced by WDS treatment.
4. Discussion
4.1. Interference factors in the EP activity assay
It is necessary to identify and characterize specific senescence-
related proteases in order to understand the proteolytic
mechanisms involved in senescence-induced protein degrada-
tion. An activity gel assay is routinely used to quantify proteolytic
activity. This method has been successfully used to identify
enzyme classes and activities in many plants generally, and in
specific organs specifically, during senescence and stress. For
example, this method has been used to analyze enzyme levels
and activity in petals of Sandersonia (Eason et al., 2002), Iris
(van Doorn and van Meeteren, 2003), carnation (Jones et al.,
1995), daylily (Stephenson and Rubinstein, 1998) and
Alstroemeria (Wagstaff et al., 2002), corollas of petunia (Jones
et al., 2005), and leaves of parsley (Jiang et al., 1999), etc.
Previously, no optimized enzyme activity assays have been
reported for use in rose petals. Although there was a report in-
vestigating EPs occurring at petal abscission zones (Tripathi et al.,
2009), EP activity is not always visible in activity gel assays using
routine extraction methods.
In this study, we first improved extraction methods by com-
paring the effects of different extraction buffers and filtration of
proteins by SephadexG-25 columns. For most plant materials,
Tris–HCl buffer is appropriate for use in EP activity gel assays;
we found that NaH2PO4/Na2HPO4 buffer was more favorable for
forming clear EP bands from rose petal extracts. Desalination
is often conducive to the detection of enzyme activity, as was
shown in a study of EPs in plant photosystem (PS) II. Six pro-
teases with molecular masses of 34, 37, 50, 54, 58, and 68 kD
in spinach PS II particles could be detected by an activity gel
assay without NaCl in their incubation buffers. Only the 37 kD
protein was detected by an activity gel assay when the NaCl con-
centration was above 1 mol · L−1 in their incubation buffers (Zhou
et al., 2002). In addition to salt, our previous research found that
rose petal pigments also interfered with EP activity and are there-
fore unfavorable for the performance of gel activity assays. In
this study, we used gel filtration through SephadexG-25 columns
to remove salts and pigments, a treatment that increased the abun-
dance of EP bands from rose petal extracts.
Other factors affecting the performance of EP activity assays
for rose petals include sample treatment before electrophoresis
and the concentrations of the separating gel and polymeric gelatin.
Optimization of the degree of depolymerizing protein mol-
ecules by heat treatment of samples increased assay performance.
The concentration of SDS–polyacrylamide gel is important to
separate EP bands, and polymeric gelatin concentration is vital
to visualizing enzyme activity bands. Previous studies in plants
showed that optimal SDS–polyacrylamide gel concentration and
polymeric gelatin concentration were different for different plants
(Jiang et al., 1999; Wagstaff et al., 2002; Chen et al., 2004; Wang
et al., 2004). We found that 12% polyacrylamide gels contain-
ing 0.15% gelatin was the most favorable condition for obtaining
clear EP bands for rose petals.
4.2. Classes of EPs involved inWDS-accelerated senescence of
rose flowers
Plant senescence is generally viewed as an internally pro-
grammed degeneration leading to death. Several EPs, especially
cysteine proteases, have been demonstrated to be specifically ex-
pressed and involved in the degradation of proteins during plant
senescence and are taken as senescence-associated proteases
(Stephenson and Rubinstein, 1998; Coupe et al., 2003).
Serine proteases and metalloproteases are often involved in
leaf senescence, but there have been few reports on their roles
Fig. 8 Total EP activity corresponding to samples with activity gel assay by spectrophotometer taking azo-casein as substrate
WDS and WR are the same as Fig. 7.
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in flowers (Pak and van Doorn, 2005). Some studies showed that
the activity of serine proteases was relatively higher during the
leaf senescence progression of parsley (Jiang et al., 1999) and
wheat (Roberts et al., 2003) than in other developmental stages.
Pak and van Doorn (2005) found that visible senescence of Iris
flowers was preceded by large-scale protein degradation, which
was mainly due to cysteine and serine protease activities, and
noted that the addition of two nonspecific inhibitors of serine
proteases considerably delayed the senescence process.
In the present study, we have shown that different kinds of
proteases act at different stages of senescence in the posthar-
vest rose. Rh-EP1, a putative metalloprotease, was involved in
the whole senescence process of cut rose, while Rh-EP2 and Rh-
EP3, putative serine proteases, mainly participated in the later
stages of cut rose senescence, and were more correlative with
senescence. It has also been shown that different classes of pro-
tease act at different stages of senescence in postharvest broccoli
florets (Wang et al., 2004).
WDS or dehydration and drought can induce changes in EP
classes and activities, and accelerate the senescence process. The
majority of these studies have focused on cysteine proteases. A
senescence-associated cysteine protease of broccoli (BoCP1) is
expressed only with decreasing water content; this protein has
been described as a dehydration-responsive and is involved in
programmed cell death (Coupe et al., 2003). The induction of
specific cysteine proteases by drought stress was enough to
promote leaf senescence in cowpea (Khanna-Chopra et al., 1999).
Cyp15a, a pea (Pisum sativum) gene encoding a cysteine pro-
tease, had elevated mRNA levels in plant tissues that were partially
dehydrated (Jones and Mullet, 1995).
Very few serine proteases have been found to be involved in
WDS-accelerated senescence of plants. Pinheiro et al. (2005)
found that an increase in serine proteases of Lupinus albus plants
was an early alteration induced by water deficit and was possi-
bly associated with water deficit sensing. In the present study,
we have shown that the activity of one serine protease of cut rose,
Rh-EP3, was elevated sharply duringWDS postharvest; this sug-
gests that Rh-EP3 activity is related to WDS-accelerated
senescence of rose flowers.
Collectively, our results suggest that significant increases in
Rh-EPs activities, especially increased Rh-EP3 activity, may con-
tribute to the flower senescence induced under WDS treatment.
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